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This paper presents a multidisciplinary approach to engineering socio-technical design. The paper addresses technological design for
social interactions that are non-instrumental, and thereby sometimes contradictory or surprising and difficult to model. Through
cooperative analysis of cultural probe data and development of agent-oriented software engineering (AOSE) models, ethnographers and
software engineers participate in conversations around shared artifacts, which facilitate the transition from data collected in a social
environment to a socially oriented requirements analysis for informing socio-technical design.
To demonstrate how this transition was made, we present a case study of the process of designing technology to support familial
relationships, such as playing, gifting, showing, telling and creating memories. The case study is based on data collected in a cultural
probes study that explores the diverse, complex and unpredictable design environment of the home. A multidisciplinary team worked
together through a process of conversations around shared artifacts to cooperatively analyze collected data and develop models. These
conversations provided the opportunity to view the data from the perspective of alternative disciplines that resulted in the emergence of
novel understandings and innovative practice.
The artifacts in the process included returned probe items, scrapbooks, videos of interviews, photographs, family biographies and the
AOSE requirements models. When shared between the two communities of practice, some of these artifacts played important roles in
mediating discussions of mutual influence between ethnographers and software engineers. The shared artifacts acted as both triggers for
conversations and information vessels—providing a variety of interpretable objects enabling both sides to articulate their understandings
in different ways and to collaboratively negotiate understandings of the collected data. Analyzing the interdisciplinary exchange provided
insight into the identification of bridging elements that allowed ‘the social’ to permeate the processes of analysis, requirements elicitation
and design.
r 2009 Elsevier Ltd. All rights reserved.
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Despite best efforts, contemporary technologies often
fail to meet basic human needs and desires (Bell et al., 2005;
Christensen, 1997; Haines et al., 2007; Norman, 1999).
Recent developments in design processes have ensured
technologies are generally accurate, reliable and usable
(Sharp et al., 2007). However, meeting these measurable
requirements and qualities constitutes only part of what
it means to design technology for people. As social beingse front matter r 2009 Elsevier Ltd. All rights reserved.
cs.2008.12.002
ing author. Tel.: +613 8344 1404; fax: +61 3 9348 1184.
ess: leonss@unimelb.edu.au (L. Sterling).we often have loftier needs, such as to experience
social connection and empathy, to care for others and be
cared for, and to share pleasure. These particular types of
social requirements cannot be easily reduced to functional
specifications for information provision. In existing soft-
ware development processes, these social requirements are
often neglected or trivialized (Sommerville, 2007). We
believe it is valuable to match socially oriented user studies
with requirements elicitation methods that are able to
identify and document social requirements in a form
compatible with existing software engineering methods.
Technology in social settings will be of increased value if it
demonstrably addresses and fulfills the often ephemeral,
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environments.
The disciplines of Software Engineering (SE) and
Human Computer Interaction (HCI) share the goal of
effective technology, but differ in their theories, methods,
and terminology in interpreting ‘effectiveness’. This differ-
ence creates a communicative divide, which is accentuated
for technological innovation that focuses on socially
complex situations. In our research, we used a multi-
disciplinary approach to engineering socially oriented
software systems. This approach allows us to combine
social understanding of technological use in a human
context, extracted using ethnographically informed HCI
methods, with SE knowledge and experience of modeling
user requirements for software design. In bringing together
these two Communities of Practice (Wenger, 1998) we
are confronted with similar issues of communication and
translation faced by HCI research for well over a decade
(Constantine et al., 2003; Cunningham and Jones, 2005;
Hughes et al., 1994; Kjeldskov et al., 2006; Viller and
Sommerville, 2000). These issues concern how to ‘bridge
the gap’ between ethnography and software engineering for
the purposes of designing technology.
In this paper, we investigate facilitating interpersonal
interactions between individuals with technology in the
home, where social activity is not easily conceived in terms
of tasks and goals. We are interested in non-instrumental
activities, or activities that cannot be easily decomposed into
tasks and sub-tasks; and where the purpose is not necessarily
to achieve a goal but to participate in a process. This
is illustrated by game playing. Rather than specifying the
‘rules’ and ‘interaction style’ necessary for winning, we are
interested in the mechanisms that facilitate less instrumental
outcomes such as ‘engagement’ and ‘social-bonding’. Clearly
‘rules’ are not orthogonal to ‘social-bonding’, but addressing
one does not engender the other. Our motivation is to
support the non-instrumental characteristics, which may be
achieved via any one of a myriad of concrete goals.
We acknowledge that non-instrumental activities also
occur in the workplace and are often embedded within
purposeful tasks. However, the domestic environment
provides more acute and intangible instances of them.
While it is true that purposeful work gets done at home,
it is the activities that remain when work is abstracted out
of family life that we find particularly interesting.
Social requirements obtained through ethnographically
informed HCI methods are generally not in an appropriate
form for simply feeding into traditional software analysis
methods. In our case, cultural probes were used to provide
access to people’s daily interactions in the domestic setting.
These interactions are difficult to study using traditional
empirical techniques such as questionnaires, focus groups
and participant observation. The data gathered using
probes is fragmentary and unstructured, and in the absence
of any proven method, the process of translation from
probe data to the abstract generalization required in
software design is not an easy one.In our project, we created software requirements models
with the agent-oriented software engineering (AOSE)
methodology ROADMAP (Juan et al., 2002; Kuan et al.,
2005) from the cultural probe findings. We were particu-
larly interested in testing ROADMAP’s ability to represent
non-instrumental social requirements. This is because its
notation extends beyond functional goals, used in tradi-
tional software engineering methodologies, to include a
special type of goal called a quality goal. Quality goals are
essentially non-functional and are designed to encapsulate
social aspects of the context into the software requirements
model, thus providing a mechanism to carry social aspects
through to the implementation phase. Identifying quality
goals became an important part of the requirements
elicitation phase for capturing social requirements from
the probe data.
The process of translation was enacted in team meetings,
where members of a multidisciplinary team worked
together to analyze probe returns and identify quality
goals, while creating and maintaining their own represen-
tations of understanding. Because the two communities of
practice involved came to the table with different values,
practices, orientations to technology, and commitments to
the process, they achieved this analysis through exchanging
thoughts, interpretations and understandings in a series of
conversations mediated by a collection of artifacts. These
artifacts had different purposes, qualities and affiliations,
and were used to cross and negotiate boundaries (Lee,
2007; Star and Griesemer, 1989) between the two groups
working within an ‘artefact ecology’ (Vyas and Dix, 2007)
consisting of different digital and physical artifacts, the
members of the multidisciplinary team, and their work
practices and values. The role that the shared artifacts
played facilitated both communication between disciplines
and the embodiment of interactions and work coordination
that such artifacts play in meetings generally. Coordination
was primarily achieved by conversations around artifacts,
and it was these conversations that team members found
the most enlightening part of the exchange. The conversa-
tions enriched their own understandings of the design
situation as unanticipated viewpoints emerged; exploiting
the complementarities of the different value sets and
approaches to design of the two communities of practice.
Artifacts are a powerful resource for analysis, they ‘‘tell a
story to the extent that they invoke stories’’ (Ramduny-
Ellis et al., 2005, p. 77). They can represent the under-
standings of one individual and also be used to mediate
and negotiate work in collaborative settings (Vyas and Dix,
2007). By analyzing the attributes of the artifacts that made
them function as useful shared objects, or not, we can
better understand the role that shared artifacts played in
the process of translation of ethnographic understanding to
abstracted design model.
This paper sits in the territory of the relationship
between ethnography and software engineering, and we
ask the question: what is the role of shared artifacts in
supporting multidisciplinary teams in engineering the social?
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artifacts played in the process of analysis, and the
attributes and affordances of those shared artifacts that
expedited this.
This paper is structured as follows. Firstly, we present
background information about past research into social
analyses in HCI and requirements engineering, including
the value of an agent-oriented approach to this. Secondly,
we look at relevant aspects for socially oriented require-
ments engineering for the domestic environment. Thirdly
we present our approach to the process of analysis using a
multidisciplinary team and shared artifacts. Fourthly,
we present our case study. We then give the details of
our analysis of field data and creation of requirements
diagrams to illustrate engineering of the social. Finally, we
discuss the insights gained from examining the role of
shared artifacts in this process, and then conclude on our
findings on the role of shared artifacts.2. Background
2.1. Social analyses and requirements engineering
Research into bridging the gap between ethnography
and software engineering has taken place in the HCI and
SE communities for well over a decade. At the heart of the
matter of bridging this gap is the difficulty in communicat-
ing ethnographic results to the software engineers for the
purpose of software design (Hughes et al., 1997). As early
as 1993, Goguen (1993) stated that an important research
problem at the time was how to integrate ethnographically
inspired understandings of the social issues of systems
needs with conventional requirements engineering methods
and notations. The problem is finding a suitable mechan-
ism for the transference of knowledge between these two
fundamentally different disciplines. Both use different
terminology, and different methodologies. Ethnography
deals in ‘‘the particular’’, and software design in ‘‘the
abstract’’ (Viller and Sommerville, 1999). The outputs from
ethnography are not related to the kinds of representations
required by SE (Hughes et al., 1995b). Ethnographers work
with notes, reports and transcriptions based on rigorous
observations. They produce results in a discursive form to
provide the reader with a very detailed rich and concrete
understanding of the everyday practical aspects of human
interaction in context. On the other hand, software
designers and engineers create and manipulate formal
graphical abstractions. They spend their time immersed in
notations and descriptions as techniques to simplify the
complexity of a situation and to represent critical features
of it. Ethnographers avoid judgements; designers make
them (Paay, 2008). Ethnographers take an analytical
role, whereby they gather and interpret data. On the other
hand, software engineers synthesize data through the use of
abstract models of situations (Button and Dourish, 1996;
Hughes et al., 1995a).The purpose of requirements engineering is to determine
what properties a system should have in order to succeed
(Goguen and Linde, 1993). However, the attitude of
requirements engineers in the early 1990s was that the
social, cultural and political aspects of work either fell
outside of their scope and should be ignored in require-
ments gathering, or that those issues were simply inherently
embedded in the requirements that they gathered, because
users are situated in social worlds. In the late 1980s and
early 1990s pioneering work by sociologists, such as,
Lucy Suchman, John Hughes, Richard Harper, Christian
Heath and Paul Luff, inspired the use of ethnography
for understanding the social aspects of work processes
and informing system design (Hughes et al., 1995a). This
was motivated by a growing need to design for complex
real world situations, and began with the belief that
methods from the social sciences, such as ethnography
and ethnomethodology could provide a means for better
understanding the contextual issues of technology use.
However, researchers struggled with the challenge of how
to translate the insights provided by ethnography into the
activity and representations of software design.
Toward the end of the 1990s, systematic approaches to
social analyses were being explored by researchers with the
aim of integrating this information into the design process
including the use of collaborative analysis meetings
between ethnographers and software engineers and multi-
disciplinary teams participating in both the fieldwork and
the design process (Diggins and Tolmie, 2003; Hughes
et al., 1995a; Viller and Sommerville, 1999). Researchers
also explored presenting the ethnographic record in more
software engineer friendly representations such as extended
UML notation (Viller and Sommerville, 1999), pictorial
stories, drawings, data models, analogies and metaphors
(Millen, 2000), dedicated shared software packages (Diggins
and Tolmie, 2003), pattern languages (Martin and
Sommerville, 2004), and design documentaries (Raijmakers
et al., 2006). However, despite past research efforts trying
to bridge the gap between ethnography and software
design this still remains a matter of concern to researchers
(Rahwan et al., 2006; Schraefel et al., 2004; Sutcliffe, 2005;
Walenstein, 2003; Wiltshire, 2003).
In contrast, our approach does not have a representation
that is a priori common. Our approach is based on the
multidisciplinary team, where a cooperative shaping of the
findings is done in team meetings through conversations.
These conversations were connected to a variety of shared
artifacts that played several roles. The artifacts are shared
in as much as they are given over for perusal and
consumption, but they ‘belong’ to one or other group.
Thus our contribution is in understanding the role these
artifacts played in facilitating this translation, and the ways
in which they shaped, evolved and promoted the social
aspects of interaction into the design. The use of shared
artifacts in mediating between HCI and SE processes is not
unusual (e.g., Constantine and Lockwood, 2003; de Paula
et al., 2005; Rahwan et al., 2006; Sousa and Furtado, 2003;
ARTICLE IN PRESS
J. Paay et al. / Int. J. Human-Computer Studies 67 (2009) 437–454440Vyas et al., 2006). A team working with shared artifacts
can become aware of more interpretable possibilities as a
result of using that artifact (Ramduny-Ellis et al., 2005).
Artifacts are also at the centre of several conceptual and
theoretical frameworks widely used to understand the
context of users’ work and non-work, such as, activity
theory, distributed cognition and structuration theory
(Vyas and Dix, 2007). ‘Artefact ecologies’ are used to
study the role of artifacts in supporting meeting practices
with distant access. Vyas and Dix (2007) define three key
attributes of artifacts: the content that they embody, their
significance to different people, or groups of people, and
their disposition in the environment. These attributes
can be used to describe the relationship of artifacts to the
meeting practices that they are supporting.
We are interested in how the shared artifacts were used
by the multidisciplinary team. By analyzing the role of
artifacts in team meetings, including their affordances and
attributes, we are looking for shared practices and their
contribution to the success of the conversations that took
place in meetings. We want to understand how shared
artifacts bridge between two ways of thinking—HCI and
SE—and how they give traction to incorporating ‘the
social’ into the engineering process.
2.2. The value of an agent-oriented approach
Most requirements engineering research to date has
focused on the workplace and on examination of existing
systems. Valuable research has been done to integrate
ethnographic results into software design process (Kjeldskov
et al., 2006; Viller and Sommerville, 2000). However, this
research concentrates on object-oriented software engineer-
ing, which does not explicitly have notations or constructs
for including information pertinent to social contexts into
the system design. Social issues were recognized as being a
key component of requirements engineering from the early
1990s (Goguen, 1993) with focus on general issues rather
than specific mechanisms.
The i* framework (Yu, 1995) was an attempt to approach
requirements engineering from a broader perspective. It
utilizes Strategic Dependency models to describe the network
of social dependencies among actors in the system. The
i* framework led to approaches for explicitly handling
qualitative system aspects using quality requirements, often
called non-functional requirements (NFRs) (Chung et al.,
2000).
In another direction, much research has been done on
goal-oriented requirements engineering (GORE), of which
KAOS is a well-known example, or on goal and scenario
modeling (van Lamsweerde and Letier, 2004). The GORE
methodology does not focus on NFRs. It emphasizes a top-
down approach rather than abstracting programming
constructs up to the requirements level, and emphasis is
clearly on the system, for example explaining requirements
to stakeholders rather than eliciting requirements from
them. GORE concentrates on using goals for requirementselicitation and analysis, requiring the cooperation of active
agents, in this context meaning simply active components,
to achieve goals; however, it does not adhere to the agent
paradigm.
The agent-oriented software engineering (AOSE) para-
digm is promising for socially oriented software systems
development because the characteristics of agents can
be compared to humans. Agents may exhibit human-like
behaviors such as autonomy, flexibility, intelligence,
learning, and dynamic adaptability to the surrounding
environment, increasing their suitability for socially or-
iented software facilitating people’s social interactions.
An early and well-cited AOSE methodology is Gaia
(Wooldridge et al., 2000), which took an organizational
view and describes systems in terms of goals and roles.
Within the realm of AOSE methodologies, the TROPOS
methodology is well known for being requirements-driven
and strong in the early requirements phase (Castro et al.,
2001). TROPOS defines systems in terms of autonomous,
intentional and social software actors, and incorporates
concepts from i*. TROPOS is referred to as requirements-
driven because it is based on concepts used during early
requirements analysis, such as actor, social dependencies
among actors, etc. It documents requirements in a way
compatible with a business environment and to facilitate
software engineering tasks from design down to imple-
mentation. TROPOS is a rather formal methodology, in
which modeling quickly becomes complex and which is not
particularly suitable for capturing ambiguity, uncertainty
or play. However, the ability of TROPOS to capture NFRs
and dependencies between NFRs make it a possible
candidate methodology for attempting socially oriented
requirements engineering.
Role-Oriented Analysis and Design for Multi-Agent
Programming (ROADMAP) is an AOSE methodology
that started as an extension of Gaia but became a
methodology in its own right (Juan et al., 2002). Analysis
and design in ROADMAP differs from the above-
mentioned methodologies because it enables extensive,
detailed and fine-grained capture of the different roles
required in a software system, as well as the envisioned
goals. ROADMAP clearly separates analysis and design
and is independent of design architecture and agent
platform. Furthermore, ROADMAP exhibits strong flex-
ibility, which enables uncertainty and ambiguity to be
captured during the requirements elicitation phase. For
example, most requirements engineers believe that a very
important elicitation task is to establish system boundaries
(Nuseibeh and Easterbrook, 2000). ROADMAP, in con-
trast, intentionally leaves open decisions about system
boundaries during requirements analysis, postponing them
as much as possible until later. The simplicity of the role
and goal model diagrams, with which requirements
analyses are depicted, enable presentations to potentially
non-technical audiences, such as interaction designers and
cultural probe participants, which are easily understood
and which generate lively discussion. Using ROADMAP
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requirements that could usefully and usably be passed to an
AOSE system design tool, the Prometheus design tool
(PDT) (Thangarajah et al., 2005), built on the Prometheus
methodology (Padgham and Winikoff, 2004).
Quality goals are analogous to NFR’s in TROPOS, but
emphasize a more active searching for qualities of the
interaction that are distinct from functional goals. They are
there to represent quality requirements, of the sort that
are found in social environments, and more abundantly
in home environments. Quality goals are less amenable
to decomposition than the clearly hierarchical functional
goals of a system. In addition to this, quality goals actively
promote ambiguity. They are intentionally ambiguous, and
this ambiguity is not presented as a problem to be solved.
Instead they claim the significance of ambiguous elements
in social systems, such as flirtatiousness, fun and play, and
carry these through to the design phase in a system
independent form.
Eliciting requirements from probe data involves working
in a milieu in which capturing concepts accurately but
flexibly at a high level, without losing the liveliness and
vitality of those concepts by specifying all details, is
considered essential. From our experience, ROADMAP
appeared a highly suitable SE methodology for achieving
this because it enabled the elicitation and representation
of high-level non-functional requirements through its use
of quality goals. Roles in ROADMAP can be used to
represent real humans, or may be consolidated into agents
to form part of the multi-agent software system. We used
roles to represent those responsible for a particular set of
goals. The analogy to humans, provided by using roles and
agents, made ROADMAP models a useful mediator when
communicating software engineering designs to our multi-
disciplinary team. Discussions were focused around inter-
action issues rather than on more traditional software
engineering issues such as the problem domain. We used
ROADMAP to bridge between the results of our cultural
probe studies to the design of an appropriate software
device for facilitating social connections and relationships.
3. Socially oriented requirements engineering
3.1. Domestic technologies and social interaction
The disciplines of HCI and SE have a plethora of
methods and techniques for understanding, analyzing
and designing computing for the work domain. Now that
computers are becoming increasingly interwoven into the
domestic setting, the question has arisen as to whether the
understandings and methodologies developed specifically
for the workplace are also applicable and appropriate when
designing technology for the home (Crabtree, 2004). It is
true that when information and communication technolo-
gies began diffusing into the home they did so mostly as
extensions of our places of work, but this is changing.
Technologies are now emerging which allow people tomanage busy social and work lives as well as supporting
participation in the richness of family life (Harper et al.,
2008). The design of these technologies is supported by a
decade of investigations into understanding human inter-
action with domestic technology (Crabtree et al., 2002;
Hindus, 1999; O’Brien and Rodden, 1997; Venkatesh,
1996). Recently, HCI and Computer Supported Coopera-
tive Work (CSCW) have begun to explore the home as a
distinctive design space, with new challenges that are
continually emerging (Bell and Dourish, 2007; Sengers and
Gaver, 2006).
Domestic technology is not a new concept—domestic
technologies such as fridges, microwaves, telephones and
televisions have played an integral part in our daily lives for
many years (Frohlich and Kraut, 2003). The introduction
of the desktop computer into the home has proven itself to
be both a time saving and time using appliance. Where at
first it was used for supporting work-related activities that
took place in the home, such as keeping budgets, managing
appointments and correspondence, home computing is
increasingly about socializing and leisure rather than work.
Designing for fostering social interactions in the
domestic setting requires new approaches and methods to
better understand how to design for the ‘ludic’ aspects of
everyday life such as pleasure, intimacy, creativity and fun
(Crabtree et al., 2005; Gaver, 2001; Gaver et al., 2004;
Terrenghi et al., 2007). The goal of many family activities
can be as diffuse as passing the time, where the family
members themselves would find it difficult to explain what
had been produced during such an activity (Howard et al.,
2007). And yet this is the way in which families define
themselves and these are some of the strongest memories
that they carry forward with them. New domestic
technologies need to foster and support the social interac-
tions that make us essentially human, such as being part of
a family, staying connected to each other, caring for one
another and growing old in safety and comfort (Harper
et al., 2008). These are the qualities that make a house a
home (Zafiroglu and Chang, 2007).
It is the social interactions in the domestic setting that
interest us in this project. The non-functional aspects of the
goals of family activities presents the kind of case that will
challenge conventional requirements engineering modeling
techniques and allow us to test the ability of the ROAD-
MAP quality goals to represent aspects of everyday life
such as pleasure, intimacy, creativity and fun, and to do
so with a richness and detailed account that makes the
resulting design appropriate for fostering these social
interactions.3.2. Understanding domestic settings and cultural probes
There are well-established theories, models and meth-
odologies in HCI for understanding technology in the work
setting (Beyer and Holtzblatt, 1998; Cheverst et al., 2003;
Halverson et al., 2004; Neale et al., 2004; Suchman,
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the same as workplaces (Harper, 2003; Hindus, 1999).
Designing technology for the domestic setting involves
first studying and analyzing the specific situation and
context in which that technology will be placed. To
understand domestic settings, many of the analytical
techniques devised for studying workplaces are not
sufficiently flexible to account for the unexpected, the
contradictory or the surprising. The home environment
requires a different approach (Hemmings et al., 2002).
Despite a decade of interest in the domain, there is no well-
defined set of methods for understanding the domestic
setting (Cheverst et al., 2003).
Just as ethnographic methods became widely used to
assist with requirements elicitation in the workplace as the
first step toward creating new technologies (Crabtree, 2000;
Hemmings et al., 2002; Hughes et al., 1994; Iqbal et al.,
2005a; Viller and Sommerville, 2000), ethnographically
informed field study methods are being adopted for gaining
insight into the domestic setting. Ethnography is able to
provide a rich and concrete portrayal of a domestic
environment for the purpose of designing technology
(Cheverst et al., 2003; Tolmie et al., 2003). This detailed
study of context of the lived experience helps us to design
interactive systems for that context (Vyas and Dix, 2007).
It provides analyses of the socially organized character of
settings as experienced by the people in that setting,
bringing a social perspective to system design (Cheverst
et al., 2003). Some of the different methods used in
understanding the domestic setting include: technology
biographies constructed by the researchers and users in the
home (Blythe et al., 2002); analyzing the routine commu-
nications that happen in the home (Crabtree, 2004);
analysis of informational artifacts in the home such as
calendars, paper notes, to-do lists (Taylor and Swan, 2005);
studying extreme users, such as those with Asperger
Syndrome (Vetere and Feltham, 2007); and distributing
‘cultural probe’ packs (Gaver, 2001).
Due to their flexibility, the cultural probe approach has
been adapted and appropriated for a divergent range of
purposes, in a variety of different technology projects
(Boehner et al., 2007; Graham et al., 2007). These projects
include: understanding care facilities for elderly people
(Gaver et al., 1999); informing design for a sensitive health
care setting (Cheverst et al., 2003); studying intimacy in
couples (Kjeldskov et al., 2005); inspiring design for
creating new technologies supporting practical needs and
playful desires in the home (Hutchinson et al., 2003); and
as a data collection method to create structured user needs
for a design process in the domestic setting (Haines et al.,
2007).
In this project, we explored the use of cultural probes in
understanding a particular aspect of home life, that of
intergenerational play. We were interested in taking
account of social and environmental factors in our design
of technology for that particular social interaction. To do
this we needed access to the rich mix of perspectives andinsights to be able to begin to imagine and sketch out
different technological possibilities (Harper et al., 2008).
Cultural probe data gave us access to a rich and detailed
account of the present setting, as well as inspiring ideas for
future design. It provided us with access to the social
aspects of interactions in the home. The cultural probe was,
after all, designed to garner an understanding of the playful
character of human life and the multifaceted ways people
‘‘explore, wonder, love, worship, and waste time’’ (Gaver,
2001).
3.3. Requirements elicitation and the home
In traditional systems design methodologies, for example
the object-oriented software engineering approach
(OOSE), it is the structured understanding of user needs
derived from the requirements elicitation phase that drives
the design phase of technology development. Recent SE
development methods, such as Iterative Design (Larman
and Basili, 2003), Agile Development (Martin, 2003) and
Extreme programming (Beck, 2000), have challenged the
sequentiality of that paradigm, and even the role that users
play in the process, but to date have focused on design for
workplace environments and defining functional require-
ments. The agent paradigm and the field of agent-oriented
software engineering, is focused on producing software
systems that are flexible, autonomous, situated, and can
dynamically adapt to (or learn from) their changing
context (Wooldridge, 1999). These attributes of AOSE
appear to make it more suitable than other SE methodol-
ogies for developing technology to facilitate non-work-
related, non-instrumental interpersonal interactions in the
home.
This posits the question of whether requirements
elicitation, in the traditional sense of the word, is
appropriate for defining social interactions. As a conse-
quence of this, interaction designers have moved away
from structured design methods, to an inspirational design
approach (Blythe et al., 2002; Benford et al., 2005; Gaver
et al., 2004; Hutchinson et al., 2003; Raijmakers et al.,
2006). Inspirational design methods, based on probe data
(i.e., Benford et al., 2005; Gaver et al., 2004; Hutchinson
et al., 2003) promote a flexible approach for assimilating
information about users into the design process. This
approach relies on the creation of prototypes or technology
probes to elicit additional user requirements to continually
and iteratively refine the design in response to the way they
are appropriated. This approach is effective when creating
small-scale innovative technology for novel situations, but
more complex and large-scale systems require detailed and
structured engineering to ensure all requirements have been
accounted for. Hence we are back to the situation of trying
to find an elicitation method that provides access to non-
instrumental social interactions.
Examples of where ethnographically based methods
have proven useful in the requirements elicitation phase
of software engineering for production of technology are
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Cunningham and Jones, 2005; Hughes et al., 1994, 1997;
Iqbal et al., 2005a, b; Kjeldskov et al., 2006; Neto et al.,
2005; Ormerod et al., 2003; Simonsen, 1997; Simonsen and
Kensing, 1998; Surendra, 2008; Viller and Sommerville,
2000; Vyas et al., 2006). Less numerous are cases using
ethnographically informed methods to elicit requirements
for the design of technology specifically for the home.
Those who have used probes did gain a sufficient under-
standing of the lives and family experiences of their
participants to create innovative and playful designs
(e.g., Arnold, 2004; Gaver et al., 2004; Haines et al.,
2007; Hutchinson et al., 2003; Kjeldskov et al., 2005;
Vetere and Feltham, 2007; Vetere et al., 2009). These cases
where probes have been used for eliciting requirements
show the results that can be achieved in terms of innovative
domestic technologies, but do not bring us closer to
understanding the process of transition from analysis
to design.
Probe data was never intended for requirements elicita-
tion (Gaver et al., 2004). They were intended to inspire
design rather than specify requirements. An ongoing
dialogue and dialectic between participants and researchers
is central to probes as a method (Gaver et al., 1999, 2004;
Hemmings et al., 2002). One aspect of the dialectic is
the need for researchers to interpret, based on their own
experiences, the cultural probe data in order to understand
it (Gaver et al., 2004). Probes do not provide an explicit
method for transforming fieldwork insights into technical
applications (Rouncefield et al., 2003), nor is it easy to
trace from designs back to probes (Gaver et al., 2004).
Nevertheless, probe data is being appropriated for use in
design, and it is this translation from field data to eliciting
requirements for software engineering that we wanted to
examine, through a process of involving both ethnogra-
phers and software engineers in the ongoing dialogue
to understand the probe data in light of their divergent
experiences. In the practice of software engineering,
the modeling scheme used in requirements engineering
should match the type of data gathered (Nuseibeh and
Easterbrook, 2000). In our case we wanted an analysis
methodology able to capture social concepts, e.g. playing,
gifting, showing, telling and creating memories. We believe
that the ROADMAP AOSE methodology was able to do
this.
4. The Magic Box case study
4.1. Cultural probes: investigating intergenerational play
The aim of the cultural probe research was to understand
playful interaction as a means toward designing technol-
ogies to support intergenerational play across a distance.
This was motivated by the increased physical separation
of grandparents and grandchildren, both geographically
and in terms of time zones and schedules. There are many
documented benefits from increased intergenerationalcontact, yet current technologies, such as telephone and
e-mail, are not sufficient to adequately support this contact
across a distance.
The first stage of the project explored intergenerational
play by observing grandparent–grandchild playgroups
to provide some theories about their interactions. The
second stage involved data collection with six families in
Melbourne, Australia, using cultural probes and inter-
views. Each family had at least one grandparent and two
children aged between 2 and 10 years, as well as parents.
The grandparents lived in a separate household and had at
least weekly contact with their grandchildren. One family
consisted of two grandparents and six children across three
households, while another family consisted of two children
and two separate grandparents, one maternal and one
paternal, therefore again distributed across three house-
holds. Each family participated for a 2-week period, during
which time three interviews took place: at the beginning,
after 1 week, and at the end. Initially the families were
presented with cultural probe packs. The cultural probe
packs contained the following materials: scrapbooks;
postage items including boxes, envelopes and tubes;
stationary items such as colored pens, pencils and crayons,
stickers, scissors, stencils; labels with catchphrases to be
continued, such as: ‘‘I wish wey’’ and ‘‘I love it when
wey’’, a Polaroid camera and film. After one week, the
postage items were withdrawn and replaced by the Magic
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in Fig. 1.
The Magic Box was a colorful cardboard storage box in
which to place items designated for the distributed family.
One Magic Box was supplied per household. Participants
were encouraged to place things reflecting their relationship
into the box. For a period of 1 week, the Magic Box
was picked up from the front doorstep each night by the
magic fairy (a researcher). The Magic Box contents were
photographed during the exchange each night. The grand-
parents’ box was transported to the grandchildren’s house
and vice versa, where they were opened each morning.
The families were encouraged to use a scrapbook to record
use of the cultural probe items and the Magic Box. These
scrapbooks were collected in the final interview. All
interviews were video taped.
The first stage of the project found that intergenerational
interactions tend to be short and episodic, incidental and
playful, rather than structured around more formal games.
As to be expected from cultural probe results, the findings
from stage two were of a fragmentary and highly informal
nature. The rich materials from participants were discussed
and interpreted in multidisciplinary meetings where both
the ethnographers and software engineers participated.
Of necessity, interpretation of ambiguity occurred through
the researchers applying their own experiences to the
situation, although analysis of interviews and scrapbooks
sometimes clarified issues first. Participants’ motivations
were discussed. Activities were abstracted and categorized
into types, such as game, instruction, ritual, gifting. The
data analysis revealed play, gifting and storytelling as the
most important types of intergenerational interaction.
While exchanging postal items generally didn’t provoke
much interest in the families, the Magic Box exchange was
strikingly different, provoking creative play.
Grandparents tended to use themes, trying to initiate
a dynamic conversation with their grandchildren. For
example, stories were told about how the grandparents had
migrated to Australia. Often photos of grandparents and
other family members as children were sent in the box,
indicating a desire to tell stories about family history. Some
grandparents were strong in informing and teaching,
writing letters and notes each day about how to carry out
some task. Alternatively, game playing was encouraged:
‘‘Can you find Grandma in the photo?’’ The children
tended to send items from their daily lives, reflecting the
here and now of play in contrast to the grandparents’
reflectivity. Children sent pictures they had drawn, photos
taken. Some sent toys, or families of toys, such as horses,
for the grandparents to look after, reflecting their concep-
tion of the grandparents as carers.
Parents utilized the convenience of the Magic Box
exchange to send items such as magazines to the grand-
parent household. Jokes were also played, with one family
father encouraging his children to send cow dung in a
plastic bag as part of a vivid description of a day trip to
a farm. As a gift, almost all families included food in theMagic Box, in particular sweets as a gift on the last night
of the exchange. One family gifted and invited game
playing by exchanging jigsaw puzzles. Misunderstandings
also occurred, with items being sent back by mistake or in
rejection.
The scrapbooks were often used as a diary. Some
grandchildren pasted in the letters received from the grand-
parents. In other families, the scrapbooks were played with
when the families got together, with the grandchildren
contributing to the grandparent’s scrapbook using stickers,
drawings and photos.
4.2. Software engineering: eliciting requirements with
ROADMAP
ROADMAP was used as the AOSE methodology for
requirements elicitation because of its ability to represent
very high level requirements, its use of roles, goals and
in particular quality goals, and its ability to be understood
by members of a multidisciplinary team.
Analysis and design in ROADMAP proceeds by
developing a series of models. This project used role and
goal models from the current version of ROADMAP as
features. These features were chosen because they offer
capacities at the requirements analysis level particularly
useful for this project. The role models capture a lot of
detail, which is an advantage when eliciting requirements
and initiating discussions with clients about responsibilities
and constraints of roles and systems. System requirements
and quality constraints are captured independently of later
decisions concerning design and architecture. This provides
high-level abstractions and flexibility of design that is
important for people to understand the models. ROAD-
MAP also offers scalability, enabling various levels of
abstraction to hide complexity or focus on the detail of a
particular section, and ease of use. The actual work was
done using the ROADMAP case tool, REBEL (Kuan
et al., 2005).
Role and goal models in ROADMAP are the application
specific models for the analysis phase of the engineering
process (see Fig. 2). Goal models represent the systems
goals in a loosely hierarchical fashion. Quality goals may
be attached to regular goals and constrain how that goal
should be fulfilled. Quality goals reflect the intangible goals
of a system, like privacy, risk taking, timeliness. Roles
are attached to goals, representing those responsible
for achieving that goal. Role models consist of a name,
a description, a list of responsibilities and a list of
constraints. The concept of roles facilitates requirements
elicitation in social situations because humans, like agents,
take on one or more roles within a particular organiza-
tional unit and therefore become responsible for a set of
goals.
Goal model diagrams consist of groupings of goals,
which may be hierarchical. Goals may be qualified or
constrained by quality goals that describe how to fulfill a
goal (e.g. timely). Quality goals are less concrete, more
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emotions. Roles are similar to the roles humans take on
in life, and further down the track agents, comparable to
humans, may take on many roles, or wear many hats.
Roles have associated responsibilities, reflecting the tasks
or goals they are responsible for, and constraints on how
those goals may be fulfilled. In the goal model diagrams,
roles are associated with particular goals. The responsi-
bilities of a role should reflect the goals they are attached
to, and the constraints should reflect any quality goals that
qualify those relevant goals.
The notation for the REBEL tool is shown in Fig. 3.
Roles are stick figures, goals are parallelograms, and
quality goals are clouds. Arcs or lines are used as
connectors in the composite diagrams.5. Engineering the social: collaborative analysis
The multidisciplinary team went through a process
of consultations and conversations in respect to unpacking
the ethnographic data that was collected, and the
identification of goals and roles within that data. This
process involved the set of steps, detailed below,
of understanding the probe data, making requirements
models, and presenting those models back to the group and
refining them in response to feedback. Artifacts played a
central role in these meetings, in knowledge transition,
in coordination of cooperative work, in coordination of
communication, as repositories of analytical outcomes, and
as triggers for conversations and differing interpretations.
In this section, we describe these steps in our analysis
process using the Magic Box case study field data and
the ROADMAP methodology to model goals, roles
and quality goals from data. At each step we examined
the artifacts that motivated the conversations between the
different communities of practice and influenced the
outcomes of that step. We identified the affordances
of each artifact, its attributes, and its contribution in
mediating team meetings.
5.1. Understanding the data
In the beginning, it was the software engineers, creating
the ROADMAP models, who drove the collaboration
by attending the regular weekly meetings of the ethno-
graphers of the Magic Box study. These ethnographers
were presenting the outcomes of the cultural probe
research back to their colleagues. These meetings gave
the software engineers the opportunity to participate in
discussions of the cultural probe returns, as well as
becoming familiar with the various forms of data being
collected, that they would need to understand to begin the
modeling process. They soon became part of the team and
wherever practical, the software engineers were actually
sent out to participate in the data gathering, for example,
interviews with participants. This involvement of software
engineers in the ethnographic data collection process as
well as analysis of the data within multidisciplinary teams
are both recommended methods for bridging the gap
between HCI and SE (Diggins and Tolmie, 2003; Hughes
et al., 1995a; Viller and Sommerville, 1999).
During the initial analysis of the cultural probe data, all
team members contributed to interpreting the activities
observed between grandparents and grandchildren by
referring to and comparing with their personal situations.
All opinions were entered into the dialogue and this helped
to build an ongoing relationship in the team. Coinciden-
tally, all team members had children, most aged 2–10 years,
and most were also able to contribute knowledge of other
cultures.
In the field, the ethnographers worked in pairs, each pair
becoming familiar with the interactions and exchanges
of a single family. At each weekly meeting the pairs of
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their families. This would include a discussion of the items
exchanged by the family using the Magic Boxes. These
exchanges were illustrated to the team using digital
photographs of the content of the boxes taken during the
nightly changeover. The families were interviewed three
times during the 2-week study and videos of these
interviews were watched by the team after each event,
discussed, and used to cooperatively build a biography/
profile for each family. These biographies were maintained
in a PowerPoint file, and were modified regularly as a team,
remaining true to each family and their own stories, rather
than generalizing across families. Interview summaries
were also built up by the group on a whiteboard after each
interview, and recorded in a Word document. The few
postage items that were returned were brought to the table
for discussion, and at the end of the 2-week study each
family handed over their scrapbooks to the researchers,
and these were made available to the team. At the end
of the entire study of all six families, the insights gained
from the experience as a whole was collated and added to
the PowerPoint file.
In their desire to inform innovative design, the ethno-
graphers were looking in the data for clues about how these
people related to each other and how technology might
support that. Many of the objects collected were not able to
stand alone (e.g., a scribble in a scrapbook), but required
the interpretation of the researcher working with that
family (i.e., this is the contribution of a very young child).
In this way, some objects came to the table pre-digested, in
other cases, the team would discuss to reach a consensus of
what they might mean. The ethnographers were deliber-
ately searching for the ephemeral instances, things that
were remarkable, surprises, interesting events, things that
were hard to describe, and events that caught their
imaginations. They played with ideas that they considered
would be difficult to engineer using current communication
technologies. They were looking for items that would help
them make sense of the domestic space, and things that
were playful, fluid and interpretive. They intentionally tried
not to summarize because they wanted to maintain the
richness and complexity of family relationships. For them
the outcomes from the probe study were the detailed stories
about each family.
On the other hand, the software engineers were
continually scanning the conversations for general concepts
that could meaningfully lead to a design. They needed
to abstract, to create a blueprint for a product line
of technology that was not just implementable, but had
general appeal and application in the community, because
for software engineering, commercial success indicates
innovation (Davila et al., 2006). At the same time, in
line with their aim to add a social dimension to
SE modeling, they were seeking confirmation from the
ethnographers that their identified quality goals were
capturing the essence of the social interactions being
modeled.The most influential shared artifacts in this step of the
analysis process were the PowerPoint file of family
biographies and the digital photographs.
The PowerPoint file was the most interesting of these
shared artifacts (see Fig. 4). It became the focus for revising
and reiterating the deep understanding of the data that the
team was building up about the domain through their
shared conversations. It was the main working document
for recording the emerging understandings of the grand-
parent/grandchild relationship, but due to its affordance
for sharing with the whole group by projecting it on to a
wall in the meeting room it became the central information
receptacle around which conversations about meanings,
motivations and interpretations were woven. The flexible
and dynamic nature of the document afforded continual
modification and reassessment of information, allowing the
group to cooperatively rework the document and add
revised understandings to it. The content of this artifact
was the ethnographic record. The ethnographers used it to
document their rich and concrete findings. The significance
of this record for the software engineers was in the actual
terminology used by the ethnographers. The engineers used
these words to draw out representative notions and to
abstract and generalize the findings. By its disposition in
the meeting room, as a large, visible and clearly shared
artifact, it triggered conversations between both commu-
nities of practice, communicating and consolidating their
thoughts by bouncing ideas off each other, ideas that
were enriched by the differing viewpoints present at the
meetings.
The photographs acted as a shared artifact only in so far
as they were used as a prop to help the ethnographers to
communicate and discuss what was interesting about what
was happening in the Magic Box exchanges (see Fig. 5).
Their disposition in the meeting environment was the same
as the PowerPoint file. They were presented electronically
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afforded sharing by the whole group concurrently. Even
though this was the only glimpse of Magic Box exchanged
items that the team saw, they did not extract much
understanding from the content of the photographs alone.
Rather it was the stories that were told around these
photographs and the interpretations brought to the table
by the research pair that was of most value to the team.
The significance of the artifact in terms of understanding
the interactions that were taking place was not always
obvious just from viewing it. Many required the context to
be provided by the research pair. It was their close contact
with a specific family that helped the researchers to
recognize the significance of certain items. The researchers
were able to present the photographs to the team, woven
into the context, culture and past experiences of the family
that the photograph alone could not convey. The stories
were about the interesting and quirky things noticed by the
researchers. They were about objects that generated
tension, as well as happiness. Take for example the cow
dung that was exchanged. Without the understanding of
the joking nature of the father, and that it represented a
day out at a farm, it could be perceived as an offensive
offering.
During this whole process the software engineers were
looking for higher-level categories to use in modeling the
situation. They were looking for the kinds of roles that
people were taking on in these stories that were being
related to the team, and what was motivating their
exchanges, for the purpose of capturing these in the
models. These stories also provided persistent and memor-
able, yet unwritten, examples that helped the software
engineers to identify and represent as roles, goals and
quality goals in their models. So it were the stories, which
remain unrecorded and only existed at that point in time,
which communicated information from the ethnographic
understanding to help build the software engineering
model. Of course the significance of these stories to theethnographers was in part recorded in the shared ethno-
graphic record as well.
The videotapes of interviews although shown to the
group did not become a shared artifact. Even though they
afforded the same visual sharing by the group, they did not
afford the concurrent conversations so important to the
group, because videos take time to view and require
auditory attention. Any discussion has to occur in retro-
spect. The ethnographers used the videos as confirmation
of data they had already added into the PowerPoint record
using their notes from the interview, and their conversa-
tions around the whiteboard. It was from this predigested
data in the PowerPoint file that the software engineers drew
their inspirations, not the interviews themselves.5.2. Making the models
It was important for the software engineers to identify
abstractions that could be generalized from the concrete
probe data collected. Initial abstractions were gleaned from
conversations at the team meetings. The software engineers
listened to the ways in which the ethnographers were
describing the activities of intergenerational play and the
social dynamics underpinning those activities. Abstracting
from the content in the situated context to the participants’
intentions was important in identifying goals. Under-
standing the analysis of the participants’ motivations
for their activities came out of the team conversations.
The software engineers then had to think about how to
map motivations and intentions into goals or quality goals.
The top-level Magic Box Goal Model, illustrated in Fig. 6,
was the first model to be developed. This gives an overview
of the goals, quality goals, and some of the roles initially
identified.
In general, the study participants’ motivations and
intentions mapped to goals, and the abstraction and
generalization of their intentions led to the discovery of
roles. The highest-level goal in Fig. 4, Magic Box Goal
Model, has five sub-goals: Play, Gift, Show and Tell, Look
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was identified as an important motivation for the Magic
Box exchange. Storytelling was apparent in the data, as
was gifting. Showing presence at a distance was also
important. Play, gifting and storytelling are relatively
concrete concepts and were identified as goals. Showing
presence was an implicit motivation, achieved by doing
something else in order to show presence. Therefore
showing presence became a quality goal, as did showing
affection.
During this phase the scrapbooks produced by the
families and collected at the end of each family study were
taken away from the group and analyzed in detail by a
software engineer, to identify roles, goals and quality goals
in different scenarios that could be pieced together from
the data. The quality goals could be derived from analyzing
the qualities implicit in episodes in the scrapbooks that
could be identified as playing, gifting, showing and telling,
and creating memories. In this way the scrapbooks became
artifacts of the process, but not used cooperatively in team
meetings. They were however used by different individuals
at different times. This is probably due to the fact that
scrapbooks afford viewing by a single person at a time.
They are an incredibly rich and yet messy artifact, and
really do return fragmentary clues about the lives and
thoughts of the participants. They have pages, which
affords some sense of temporality, in that the people
creating them generally move to the next available page,
but are strongly linked to the situation in which entries are
made. They held interesting content, but the significance of
that content was only partially realized when placed in the
overall story of the family, woven over weeks of analysis.
Some content was so personal it was never decoded.
However, the software engineer’s ability to understand and
interpret the rich, fragmentary and heterogeneous nature
of the data contained in the scrapbooks was a direct
consequence of their participation in earlier team discus-
sions. In this way, the scrapbook itself was not a shared
object, but was interpretable as a result of the conversa-
tions motivated by other shared objects from the process.
5.3. Understanding the models
Once developed, the top-level goal model was then
presented back to the team. The ROADMAP representa-
tion was introduced to the ethnographers, who were able to
interpret the model. Opinions were then elicited from the
team about the validity of the model. This involved
informal conversations focused on the elements of the
goal model. These conversations were recorded, both on
tape and by note taking. The software engineers asked
questions and clarified responses, as it was their responsi-
bility to modify the model and present the next iteration to
the team. At the same time they had to accept that the
ethnographers perceived the presented analysis as deficient
because of the loss of detail and richness from the probe
data that the abstraction and generalization to create themodel had necessitated. The purpose of this session was
clearly understood by both parties as a presentation to
discover what had been overlooked or wrongly captured
and for the software engineers to gain a richer under-
standing of the nuances in interactions regarded as
important by the ethnographers.
The session provided extremely rich feedback to the
software engineers. Roles were one focus of the conversa-
tions. One role presented was Family Member, similar to a
generic system user. This was shown to be completely
inadequate. Firstly, each family member interacts with
other family members differently. Interaction between
grandparents and grandchildren tends to be asymmetrical,
with grandparents taking the initiative and being more
reflective. Also, parents need to be represented, since at
least the younger children need support. The interim idea
of having a role for each family member was floated:
Grandparent, Child and Parent. Further discussion moved
beyond this concept. People choose to play different roles
at different times. Some grandparents like to get down to
the child’s level on occasion. Alternatively, for example
with storytelling, the child must only say ‘‘It’s my turn
now’’, for the roles to be switched. The refined require-
ments analysis gained a series of complementary roles such
as Carer/Caree, Teacher/Learner, as well as the role Coach,
which could be a parent. This cooperative analysis and
review of the goal model diagram by the team resulted in
the identification of the roles shown in Fig. 6: Learner,
Caree, and Creator.
In this step of the analysis, the ROADMAP goal model
became a shared artifact. It was presented to the group
electronically and projected on the wall in the same way as
the PowerPoint file and the photographs. This afforded
viewing by the team as a whole. The software engineers
hoped that the simplicity of the notation would facilitate
immediate understanding by the ethnographers, but it
became evident to the software engineer who presented it,
that for the ethnographers to gain meaning from the
diagram it was necessary to remind them of the detailed
stories on which the model was based. The stories that
formed that basis of conversations during the first step of
the process became the examples given by the software
engineer to explain the abstracted goal model. For
example, photographs of biscuits, cow dung, a toy pony
and vegetables where generalized in the Magic Box goal
model to the term gift, but each gift had a much more
interesting story about why it was chosen, who it was for
and the motivation for sending it. These stories had to be
verbally attached to the model. The quality goals
associated with the Gift goal were found to be not detailed
enough, in their simple label, to carry an understanding of
the social motivations of the ‘‘gifter’’ through to design.
Some of the ethnographers viewed the ROADMAP goal
model simply as a transmission object, and did not feel that
it acted as a shared artifact. Unlike the PowerPoint file,
cooperative refinement of the model could not be made
because it was created in a different software package and
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visible collaborative analysis during the meeting that made
the ROADMAP goal model artifact feel as if it belonged to
the software engineers who created it, and who had full
control over modifying it. It was not just the content of the
model, but also the significance that each community
of practice could attach to it that was a problem. Some
ethnographers felt that the model did not provide an
interpretably flexible object for facilitating articulation of
their own understandings. It was too simplistic and too
structured. At the same time, others claimed that the
abstracted terms that came from the ROADMAP model
became items for debate in the team meeting, and in this
way triggered a reevaluation of their own understanding of
the situation being modeled. For example, when the quality
goal showing presence was reflected back to the team, many
discussions ensued which questioned exactly what it meant
to these families to be showing presence to each other,
resulting in refined interpretations of the objects that
had been exchanged by Magic Box, and modification to the
ethnographic record held in the PowerPoint file. In this
way there was reciprocity in the analytical process and
viewpoints were challenged by the complementary under-
standings being shared through the artifact. The fact that it
was only displayed in the meeting environment, and
created and modified elsewhere, limited the groups feeling
of ownership over the artifact.
5.4. Refining the models
Once abstractions were identified and discussed, the
software engineers returned to the richness of the cultural
probe data in order to flesh out more detailed lower level
requirements. They examined the cultural probe returns,
going through the raw data to find concrete examples ofFig. 7. Show and Tell Goal Model for the Magic Box.potential abstractions to confirm their validity. Several
scrapbooks were re-examined. One story of grandparents’
migration to Australia was used to flesh out the Show and
Tell Goal Model diagram shown in Fig. 7. Reviewing the
scrapbooks provided evidence of interaction patterns,
reflecting the roles such as Teacher described above. One
child pasted letters from his grandmother into his scrap-
book. Every letter was educative, explaining to the child
how to perform particular tasks.
This more detailed goal model discussion resulted in the
identification of the additional role of Joker. It also
resulted in the identification of five additional quality
goals: faithful rendition, timely, compelling, genuinely funny
and useful. As shared artifacts, these lower level models
played the same role in the meetings as the high-level goal
models. When presented back to the multidisciplinary team
they received similar responses as in the previous step, with
the ethnographers happy to collaborate in the discovery of
appropriate quality goal labels, but continuing to feel that
the quality goals did not capture or communicate the depth
of understanding of the social interactions that they felt
was imperative. Although the software engineers felt that
the ROADMAP representation was more capable of
representing social aspects than any other requirements
elicitation methodology they had worked with.
5.5. Adding scenarios to the models
The cultural probe data and the feedback from the team
discussions prompted the refinement of the AOSE model-
ing process by adding scenarios to the ROADMAP
methodology. Scenarios were not originally part of
ROADMAP and were added in direct response to
collaborative conversations advocating the need for richer
design data to be captured with the AOSE models. Design
scenarios were already part of the Prometheus methodol-
ogy, for example the Storytell scenario shown in Fig. 8. In
the case study, creating design scenarios clarified that in the
process storytelling, if the goal of a family member is to
hear a story, then it requires the percept that another
family member is willing to tell a story before a story can be
told and listened to. To create this design artifact, the
informal scenarios presented along with the ROADMAP
models to the team were used. This led to the formalization
of requirements scenarios into the method to support the
goal model diagrams, by modularizing more detailed
understandings of social interactions.
In a way, the scenarios that were delivered as explana-
tions by the software engineer when presenting the
model could be considered as shared artifacts, albeit
ephemeral ones, that provided more content and signifi-
cance to the ethnographers than the models did. The
practice of abstracting complex concepts into simple terms
was necessary for the software engineers to construct
generalized models, but this caused the ethnographers
to feel that, although the model represented the right
kind of idea, the richness of the interaction had been lost.
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rect’—they just felt that it did not seem to capture the
subtleties and richness of the observed family interactions.
Revisiting the example of the goal Gift, the gifts exchanged
were more than just objects, they held qualities of time
investment, labour, effort, meaning and thought from the
giver. The ethnographers felt that these qualities of the gift
were lost in the model. To some extent the addition
of scenarios to the models, which explicitly documented the
stories that currently only existed verbally in the meeting,
was proposed as a way to alleviate that concern. Scenarios
have been used to provide a shared vocabulary among
people involved in systems development and to translate
understanding of a rich variety of roles in the system from
different viewpoints, and to diverse communities (Go and
Carroll, 2004). The requirements scenarios were related to
goals and thereby could carry details through to the design
phase to enrich the software designers understanding of the
goals and quality goals while retaining the necessary
abstraction at goal model level.
5.6. Documenting quality goals
After the refinement of the scenarios, the software
engineers and the ethnographers no longer met as a team.
The software engineers had gained all they needed from thecultural probe data, from team conversations, and from
direct feedback on the models. The main purpose of these,
or similar, models in AOSE methodologies is to document
the aspects of a system that are required toward designing
and implementing a software appliance, prototype or
technology probe. The ROADMAP requirements analyses
and models were discussed informally with other AOSE
researchers to confirm their fidelity as models to be passed
to the design phase. To ensure that the quality goals
remained part of the analysis, role models were developed
where the quality goals formed an important part of the
constraints imposed on the roles in a system, for example,
the quality goal of caring, meaning the person has a caring
nature, formed a constraint in the role of the Carer from
the Show and Tell Goal Model, as shown in Fig. 9.
Constraints listed in the role model are used to document
how a quality goal is to be achieved. In this case the role
Carer has the constraint ‘‘ability to care’’, that represents
important detail about the quality goal caring. This is the
mechanism that passes the quality goal requirements of the
system to the software design phase.
6. Discussion
After completing the analysis of the cultural probe
data and requirements elicitation we had an organized
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play, and a set of ROADMAP diagrams of sufficient
fidelity for designing a Magic Box socio-technical system.
In this discussion, we reflect on our process and examine
how the shared artifacts were used by the multidisciplinary
team to ‘bridge the gap’ between ethnography and software
engineering. We first explore the roles that shared artifacts
played in the process of analysis and requirements
elicitation and then examine the contribution of the quality
goals in providing a transformation mechanism for the
ethnographic findings of our case study into the realm
of software engineering.
6.1. Shared artifacts
The key artifacts in the process were the ethnographic
PowerPoint record, and the AOSE ROADMAP goal
diagrams. These shared artifacts presented different views
of the same situation but both represented a reduction
in complexity of the raw data. They both facilitated
communication between the two communities of practice.
Both evolved as a participatory activity, with team
conversations facilitating the cooperative identification
of aspects of both artifacts. In moving from probe data
to data models, the artifacts helped both communities to
reflect on their own practice and thinking, while at the
same time, sustaining different interpretations that enabled
conversations to flow. The shared artifacts were complex
enough to enable lines of work to cohere, while usefully
maintaining multiple interpretations for the different
communities involved in the design process.
These two artifacts, displayed on a wall with a data
projector, were clearly visible to all participants in the
meeting and thereby provoked conversations that the
whole team participated in. The clarification of terminol-
ogy across disciplines and the exchange of differing
interpretations of the data that happened in meetings
meant that artifacts that would otherwise have been seen
as clearly belonging to one or other community became
shared, in the sense that they were consumable by both.
Collaborative modification of an artifact gave team
members more of a sense of ownership over that artifact.
When a term was discussed in a meeting and then appeared
both in the ethnographic record (PowerPoint file) and as a
label in the goal model (ROADMAP) diagram reciprocity
was established and transformation achieved.
The PowerPoint file was the focus of meetings where the
ethnographers presented their experience with the families
from the previous week, and discussed the probe returns in
detail. This artifact helped communicate stories of families
while maintain the complex, organic and slightly messy
qualities of the probe data for both communities of
practice. The pair of researchers that worked closely with
a particular family would present the photographs of
the Magic Box exchanges back to the group and their
interpretations would form an entry in the ethnographic
record. This would be discussed and modified in respect tothe overall understanding of the situation developing in the
team over time and the personal and professional
experiences of both the ethnographers and software
engineers present at the meeting. They would review
interview notes on a whiteboard and watch video tapes,
but the collaborative analysis would happen as this data
was organized and added into the continually updated
PowerPoint file. The affordance of this artifact to be
immediately updated by the team gave this shared artifact
meaning for both the ethnographers and the software
engineers, as both contributed to, and experienced its
evolution.
The conversations that happened in meetings with the
ROADMAP models as shared artifacts were enriched by
the presence of the models. The actual modeling provided
clarification to the conversations, and the push and shove
in these conversations extended the scope of the under-
standing derived from the data. For example, in the
original Magic Box version, the quality goal accurate
constrained the goal Remember. In the exact world
of software implementation, the meaning of ‘‘accurate’’ is
considered obvious. However, questions immediately arose
during presentation of the Magic Box requirements
analysis to the ethnographers: What exactly should be
remembered? What does the quality goal accurate refer to,
accuracy in sending to the correct recipient, accuracy of
content, accuracy in timing? Perhaps a more appropriate
term would be faithful rendition as the memory of a story,
where the intentions of the storyteller are faithfully
captured?
At the same time, there was a feeling amongst the
ethnographers that the ROADMAP models in their
current form, even with the constructs of scenarios and
quality goals, were still not capable of delivering detail
about the social interactions to the design process,
necessary for engineering playful and interesting socio-
technical systems. The flexibility and high-level nature of
ROADMAP enabled software engineers to present very
high-level abstractions in respect to the goals and roles of
the system. The simplicity of the diagrams presented to the
multidisciplinary team was critical to facilitating discussion
of the concepts portrayed. It was agreed, however, that
agent concepts provided a distinct advantage over object-
oriented concepts when dealing with socially oriented
requirements engineering. The concept of agents was
shown to facilitate understanding of software design
by members of the multidisciplinary team who were
initially completely disinterested in the software engineer-
ing process.
6.2. Quality goals
In the agent-oriented approach, quality goals were able
to capture the essence of the kinds of non-functional ‘social
requirements’ that were identified in the cultural probe
data, and to make them available to the system design
process. Ambiguity and uncertainty in the ethnographic
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MAP. In reflecting on the process it can be seen that
quality goals that have paradoxes hidden in them, created
new questions. These questions stretched the conversations
on both sides. The ethnographers learned things through
these conversations, and in the development of the models
that they felt they would not have gained otherwise.
For example, a similar discussion was provoked by the
proposed quality goals for storytelling. The sub-goal to
Tell a story was initially qualified by interesting and the
sub-goal to Hear a story was qualified by understand.
Again the questions were immediate: What does ‘‘under-
stand’’ mean? Each listener understands something differ-
ent from a story. What does ‘‘interesting’’ mean? Why
should a story be interesting for the teller as opposed to the
listener? What about stories, which are told and re-told
countless times? The outcome of this discussion was that a
story should be compelling, meaning that a storyteller
wants to keep on telling and a listener wants to keep on
listening. Both are enjoying the playful interaction.
In the end, quality goals were confirmed to be useful for
capturing intangible requirements and goals, as often
encountered in social contexts. Through the use of goals,
roles and specifically quality goals, we feel that AOSE
requirements engineering was performed using the results
of cultural probe ethnographic work without losing the
elements of subjectivity, empathetic interpretation and
uncertainty that are central to the cultural probe approach.
7. Conclusion
The current shift in focus toward observing the home
environment rather than the workplace in order to under-
stand interactions around and with technology in the home
has brought a shift in the methods required for observation
in this different situational context. The use of cultural
probes, with their emphasis on fragmentary, subjective,
interpretive data to inspire speculative design for new uses
of technology, is a valuable observational method for
studying social interactions.
On the basis of a case study in cultural probe work
concerning intergenerational play, we discovered the
importance of shared artifacts in moving forward from
the results of cultural probe studies towards a requirements
analysis, while retaining central aspects of cultural probe
research, such as subjectivity, uncertainty and inspirational
design.
The process outlined in this paper, of eliciting socially
oriented requirements for software engineering purposes,
demonstrates the value of an ongoing relationship between
ethnographers and software engineers during data analysis
and requirements elicitation. Our process was instituted
around conversations stimulated by artifacts shared at
multidisciplinary meetings. The artifacts in these meetings,
(i.e., returned probe items, scrapbooks, videos of inter-
views, photographs, family biographies and the ROAD-
MAP models), played a central role in the analysis phaseand mediated a reciprocal relationship between the place
and activity concerns of HCI researchers, and the SE focus
on domain specific and application specific models. They
motivated conversations that shaped the analysis process,
enabling the cooperative identification of quality goals and
producing a robust and serious account of social interac-
tions in the domestic setting toward the design of socially
oriented technology.
In the end, artifacts that helped bridged between the
practices of ethnographers and the representations of
the software engineers where those that acted as a shared
resource because they could be created, modified and
refined cooperatively during meetings. All who participated
in the process agreed that the greater diversity of view-
points applied to the data, the better, demonstrating the
success of the multidisciplinary approach. The shared and
diverse experiences of all members of the team contributed
to engagement in the conversations, and provided a deeper
relationship to the data for both the ethnographers and the
software engineers. Through this familiarity with the raw
data, the software engineers could access and represent in
quality goals ambiguous aspects of the social interactions
detailed in the ethnographic account, thereby engineering
the social.
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